Mailolo Dome Eclogite PNG08-010f
Mineral compositions were measured by electron-microprobe analysis with a JEOL JXA-8200 Superprobe at the Massachusetts Institute of Technology using an accelerating voltage of 15 kV and a beam current of 10 nA. Spots for garnet, clinopyroxene (omphacite), and phengite analyses were selected using backscattered electron (BSE) images and EDS compositional maps of relevant textural areas related to fresh and minor retrogressed portions of the thin section; the BSE and EDS maps were collected using a JEOL 7100 field emission scanning electron microscope at the University of Nevada, Reno. Mineral compositional data were recalculated with the program AX (Holland, 2009 ) to standard numbers of oxygen a/fu for anhydrous minerals (Deer et al., 1992) . Phengite and amphibole analyses were calculated to a total of 11 and 23 oxygens pfu, respectively. The Fe 3+ /Fe total in amphibole analyses were first calculated with an excel spreadsheet to classify amphiboles (Locock, 2014) based on IMA 2012 recommendations that uses a scoring criteria of four cation sum procedures: 1) sum of all cations from Si to K = 16 a/fu; 2) sum of cations from Si to Na = 15 a/fu; 3) sum of cations (includes Li) from Si to Ca = 15 a/fu; and 4) sum of cations (includes Li) from Si to Mg = 13a/fu (Hawthorne et al., 2012) used in the amphibole normalization. The best scores are given to normalization schemes that have the smallest maximum deviations from the formula proportions (Locock, 2014) . As a check, recalculated amphibole analyses with the best scoring criteria were confirmed by comparing the compositions to the same analyses recalculated by the Holland and Blundy (1994) procedure implemented in AX (Holland, 2009 Table DR1 . Mineral chemistry plots of garnet and clinopyroxene are presented in Figure 2A . Mineral abbreviations are after Whitney and Evans (2010) .
P-T pseudosection modeling
The effective bulk-rock composition used in this study was determined by combining compositional analyses of homogenous major phases, including estimates of Fe 3+ /Fe Total for garnet and omphacite, and their volume proportions currently preserved in the rock using the estimates previously described (see Mailolo Dome Eclogite PNG08-010f section above). Volume proportions of major phases were estimated from BSE and EDS area maps of the thin section and from petrography (e.g. Carson et al., 1999; Indares et al., 2008 , Palin et al., 2015 . Phase-diagram pseudosections were calculated with the software Perple_X (Connolly, 2005; version 6.7.0 Jan. 2015) and the Paralyzer tool (Mark Caddick, VT), using the internally consistent thermodynamic dataset of Holland and Powell (1998, hp02ver.dat) . The pseudosections were calculated for the system Na 2 O-CaO-FeO-MgO-K 2 O-MnO-Al 2 O 3 -SiO 2 -H 2 O-TiO 2 -O 2 (NCFMKMnASHTO), which models the peak metamorphic conditions for the Mailolo phengite-bearing eclogite. P-T pseudosections were calculated with the following solidsolution models (accessible through the Perple_X datafile solution_model.dat): garnet (Gt(WPPH): White et al., 2005) ; clinopyroxene and amphibole (Omph(GHP2), cAmph(DP2): Diener and Powell, 2012) ; phengite (Pheng(HP)), biotite (Bio(TCC)), talc (T (HP)), chlorite (Chl(HP)), and epidote (Ep(HP)): Holland and Powell, 1998) ; ilmenite (Ilm(WPH): White et al., 2000) ; and feldspar (Fuhrman and Lindsley, 1988) . Mineral isopleths calculated by the Perple_X 6.7.0 subprogram Werami are pyrope = Mg/Mg+Ca+Fe+Mn, grossular = Ca/Mg+Ca+Fe+Mn, almandine = Fe/Mg+Ca+Fe+Mn, omphacite jadeite content = Na/Na+Ca, and phengite = Si content based on 11 oxygens. Contours were plotted with the program PyWerami (Ondreij Lexa, personal webpage).
P-T estimates and activity model comparisons
A combination of the Fe-Mg exchange thermometer (Ravna, 2000) and the net-transfer reaction equilibria, 6diopside + 3muscovite = 2grossular + pyrope + 3celadonite, were also used to estimate peak P-T (Ravna and Terry, 2004) . The following recalculations of garnet, omphacite, and phengite are from the supplemental file of Krogh Ravna and Terry (2004) . Garnet was recalculated by normalizing to ΣCaMnFe . Recalculation of omphacite was performed by the same method of the program AX described above, ferric iron calculated assuming 4 cations and 6 oxygens. Phengite has been normalized to ΣSiAlTiCrFeMnMg = 12.000. The maximum pressure conditions for PNG08-010f was determined with the following mineral compositions: 1) omphacite with the highest jadeite content; 2) garnet with a maximum grossular (a grs ) 2 a prp ; and 3) phengite with the highest Si content (c.f., Ravna and Terry, 2004) .
The P-T results from thermobarometry and pseudosection modeling overlap within uncertainty (~10% for both techniques, although these may be underestimated, i.e., Baldwin et al., 2007; Palin et al., 2015) . Minimum uncertainties related to thermodynamic and bulk compositional data are taken to be 0.25 kbar and 40 C (e.g., Angiboust et al., 2012; Green et al., 2013; Palin et al., 2015) . The pseudosection yields slightly lower pressures in comparison to the thermobarometry, and this likely results from the chosen activity models for clinopyroxene and garnet. The Grt-Cpx-Ph barometer of Krogh Ravna and Terry (2004) uses the clinopyroxene model of Holland and Powell (1990) and garnet model of Ganguly et al. (1996) without taking Fe 3+ /Fe total into account, whereas the pseudosection models were calculated with more recent garnet (White et al., 2005) and clinopyroxene (Diener et al., 2012) 
Zr-in-rutile thermometry
Rutile compositions were measured by electron-microprobe analysis with a JEOL JXA-8500F at Washington State University GeoAnalytical Lab using an accelerating voltage of 15 kV, a beam current of 200 nA, and a beam size of 5 µm. Spots for rutile analyses were selected using BSE images and EDS compositional maps. To avoid secondary fluorescence effects from zircon (Ti K-alpha x-rays), rutile grains were selected based on proximity to zircon grains (>200 m away). Eight elements (Nb, Si, Zr, Ti, Al, V, Cr, Fe) were measured with single spot analyses across 30 rutile grains from eclogite PNG08-010f using the JEOL JXA-8500F at WSU (Table DR2) . Counts for zirconium were acquired on two spectrometers and aggregated (c.f., Donovan et al., 2011a) . A blank correction was applied to Nb, Zr, Fe, and Si contents using synthetic rutile (~1 ppm, Nb, Zr, Fe, and Si) as the "blank" standard (e.g., Donovan et al., 2011a ). An interference correction was applied to correct for interference of Ti K on V K, Ti Kβ (III) on Al Kα, and V Kβ on Cr Kα (Donovan et al., 1993) .
Temperatures were estimated using the Tomkins et al. (2007) calibration for the coesite field, using a pressure estimate of 28 kbar from pseudosection and thermobarometry results of this study. Analytical uncertainties in Zr measurements range from 2.4-4.5% (1) resulting in 18-31 C (Table DR2) .
U-Pb Thermal-ionization mass spectrometry (TIMS) methodology
Separated zircon from the eclogite sample PNG08-010f were pre-treated following a chemical abrasion procedure (CA-TIMS) modified after Mattinson (2005) . This involved annealing the grains at 900 ºC for 60 hours and then placing the individual grains in 200 µl Teflon FEP capsules containing 75 µl concentrated HF at 210 ºC for 9-12 hours to dissolve inclusions and/or radiation-damaged portions of the grains. The leached grains were fluxed on a hot plate and in an ultrasonic cleaner in a series of steps involving Millipore H 2 O, 6N HCl, and 3N HNO 3 . After rinsing, the grains were dissolved in 75 µl concentrated HF along with the ET535 mixed (Condon et la., 2015; McLean et al., 2015) at 210 ºC for 48 hours. The dissolved grains were dried to salts and then redissolved at 180 ºC for 12 hours in 75 µl 6N HCl. Prior to column chemistry, the chloride solution was dried to salts and then redissolved in 50 µl 3N HCl. Pb and U were extracted from the solution by a HCl-based, single-column, anion exchange chemical procedure modified after Krogh (1973) . The purified Pb and U mixture was loaded onto a degassed Re filament with a colloidal silica emitter solution (Gerstenberger and Haase, 1997) and their isotopic ratios were measured on either the VG Sector 54 or Isotopx X62 multicollector thermal ionization mass spectrometers at MIT. Pb isotopes were measured by peakjumping on a single Daly photomultiplier ion counter. U was measured as Data reduction including calculation of U-Pb dates and propagation of uncertainties was carried out using Tripoli and E_T Redux software McLean et al., 2011) , using the decay constants of Jaffey et al. (1971) .
All common Pb was assumed to be from lab blank and the data were corrected using longterm measured lab blank isotopic compositions compiled from analyses made during [2009] [2010] [2011] [2012] [2013] [2014] [2015] Th disequilibrium by assuming a Th/U ratio of 2.8 ± 1, based on average bulk eclogite analyses from www.earthchem.org. Drastic variation of the assumed Th/U ratio of the fluid from which the zircon (re)crystallized only slightly changes the 206 Pb/ 238 U date. For example, if the Th/U ratio for PNG08-010f zircon, z6, is 0.8-4.8, the date varies by a total of  20,000 yrs. Complete U-Pb data are presented in Table DR3 and illustrated on the standard Concordia plot of Figure 2B . Figure DR1 , DOI:10.1130/G39099.1 Figure DR1 . P-T pseudosection from Fig. 3 contoured for mineral isopleths and volume percent of relevant phases showing prograde-retrograde reactions across the entire P-T range.
